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© Baseplate assembly for seismic wave generator. 



@ A baseplate assembly for an impulsive, vehicle- 
transported seismic wave generator for use on 
rocky, irregular earth sufaces is comprised of a small 
diameter, earth-contacting, freely movable target 
member which is laterally confined in the center of a 
surrounding wide area frame adapted to support 
vehicle weight directly against the earth. Such a 
target member may safely be subjected to high 
dynamic loading per unit area responsive to the 
impact of a descending mass. 
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BASEPLATE ASSEMBLY FOR SEISMIC WAVE GENERATOR 



BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates generally to the field of 
seismic exploration and more particularly to trans- 
portable apparatus for injecting an acoustic pulse 
into the earth. 



Description of the Prior Art 

The invention to be described constitutes an 
improvement in transportable seismic sources of 
the type generally disclosed and illustrated in U.S. 
Patent No. 4,402,381 entitled "Vehicle Mounting 
and Deployment Arrangement for Seismic Source," 
issued September 6, 1983, the contents of which 
are hereby incorporated by reference, and in 
copending commonly assigned U.S. Patent Ap- 
plication Serial No. 06/846,393 entitled "Baseplate 
Locator for Seismic Source," filed March 31, 1986 
in the name of Tom P. Airhart and Andrew B. 
Woodrow. As described in Patent No. 4,402,381, 
an impact mass suspended within the generally 
upright, open bottom cylindrical firing tube of a 
vehicle-mounted actuator is propelled downwardly 
under gas pressure to impact a wide area 
baseplate positionable on the surface of the earth 
in alignment with the bore of the tube. The 
baseplate couples the kinetic energy of the moving 
mass into the earth to generate a seismic wave of 
acoustic frequency. According to the patent, when 
the baseplate is deployed at a particular location, 
its alignment is maintained by various means in- 
cluding, among other features, a plurality of vertical 
lift cylinders operated like jacks extending upwardly 
between the upper baseplate surface and the ac- 
tuator. The weight of the vehicle and associated 
apparatus carried thereon keeps the baseplate from 
shifting position under repeated heavy blows from 
the impact mass. The above-referenced patent ap- 
plication concerns an improvement in the baseplate 
alignment means taught in Patent No. 4,402,381 in 
order to achieve superior results on uneven terrain. 
According to such application, lift means such as 
previously described in the -381 patent are pro- 
vided together with elastic shock isolators through 
which vertical forces are transmitted between the 
vehicle chassis and the baseplate. These isolators 
not only cushion the system against vertically-di- 
rected shock but, also, provide restorative forces in 
the event lateral misalignment develops between 
the vehicle and the baseplate. 



A baseplate such as described above is de- 
signed to function best when positioned on rela- 
tively soft, and thus somewhat compressible, 
ground or soil. Under the weight of the transport 
5 vehicle, such a baseplate tends to smooth out 
surface irregularities and thus establish good over- 
all contact between the baseplate surface and the 
underlying earth medium. A large surface 
baseplate is generally preferred under these con- 

10 ditions because it lowers the loading per unit area 
under impact. This in turn makes it possible to 
deliver mors energy to the baseplate without in- 
creasing inefficient plastic deformation of the earth 
to an undesirable degree. However, field tests of 

15 this type of source indicate that when a seismic 
line includes surfaces consisting at least intermit- 
tently of hard rock, either exposed or only lightly 
covered by clumps of vegetation, a large area 
baseplate encounters problems. One reason ap- 

20 pears to be that upon deployment from the trans- 
port vehicle, the baseplate "bridges over" ir- 
regularities in the rock surface which are substan- 
tially immune to smoothing even under great 
weight. This concentrates stress unevenly over the 

25 baseplate surface, leading to strain and cracking 
under repeated blows. It also makes it more dif- 
ficult in such environment to generate seismic 
waves of reliable and repeatable energy content, 
thus interfering with the data quality obtainable and 

so complicating the task of seismic interpretation. 

SUMMARY OF THE INVENTION 

35 It is therefor a general object of the present 
invention to provide an impulsive seismic wave 
generator with improved means for conducting op- 
erations on irregular, relatively incompressible sur- 
faces such as rock formations. 

40 It is a more particular object of this invention to 
provide improved means for coupling the energy of 
such a seismic wave generator into an earth me- 
dium of the type referenced above. 

These and further objects and advantages of 

45 this invention will become apparent from a consid- 
eration of the detailed description and drawings to 
follow and the appended claims. 

In accordance with the preferred embodiment 
of this invention, a vehicle-transported apparatus 

so produces seismic waves in an earth medium by 
propelling a retractable mass along a downward 
path to strike a target member slidably intercon- 
nected with alignment means so as to permit limit- 
ed travel of such target member along such path 
against the earth responsive to the impact of such 
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mass. Extensible lift means are secured between 
the vehicle and the alignment means for raising 
and lowering the alignment means, the relative 
arrangement of said alignment means and said 
target member being such that by extension of 
such lift means said alignment means and said 
target member may both be positioned in contact 
with the surface of said earth medium. In a more 
limited aspect, said alignment means is a support- 
ing frame extending generally in a plane transverse 
to the direction of said path, said frame being 
provided with an aperture aligned with said path 
and adapted to receive said target member therein. 
Elastic means interconnecting the target member 
and the frame support the target member within 
the aperture and restore the target member to the 
same position therein after each mass impact. In a 
still more limited embodiment, said lift means con- 
sists of hydraulic cylinders which may be operated 
so as to transfer vehicle weight to said frame and 
said target member in proportion depending upon 
such relative arrangement. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a simplified elevational view of a 
vehicle-transported seismic wave generator utilizing 
a baseplate assembly in accordance with the pre- 
ferred embodiment of this invention. 

Figure 2 is a top plan view of the apparatus 
of this invention taken along the line 2-2 in Figure 
1. 

Figure 3 is an elevational view of the 
baseplate assembly of Figure 1 illustrating - 
schematically an impact mass delivered by the 
generator at the point of contact with a central 
target member. 

Figure 4 is a top plan view of the baseplate 
assembly of Figure 1 . 

Figure 5 is a simplified sectional view taken 
along line 5-5 in Figure 4. 

Figure 6 is a simplified fragmentary sectional 
view of a baseplate assembly in accordance with 
an alternate embodiment of this invention. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference now to Figure 1, there is illus- 
trated a transport vehicle 10 carrying a seismic 
wave generator apparatus 11 incorporating a 
baseplate assembly 12 in accordance with a pre- 
ferred embodiment of the invention. The apparatus 
11 comprises generally an actuator 13 securely 
joined to vehicle chassis 16 by any suitable means 
such as support members 19. Preparatory to a 



firing operation, an elongated cylindrical impact 
mass 20 is suspended within firing tube 21 of 
actuator 13 several feet above baseplate assembly 
12 as deployed on an earth surface 22. Details of 
5 conventional means for firing mass 20 and for 
returning it to its firing position are omitted in order 
to simplify the description and drawings, and as 
such, these details form no part of this invention. 
Such means are disclosed in detail, however, in 

10 Patent No. 4,284.165 entitled "Acoustic Pulse Gen- 
erator" issued to Tom P. Airhart et al August 18, 
1 981 and in other related patents. 

With additional reference to Figure 2, a rectan- 
gular array of extensible lift means 24 such as 

T5 hydraulic cylinders, may be interconnected be- 
tween chassis 16 and a generally horizontally dis- 
posed rectangular lift frame 26 positioned directly 
over and generally coextensive with baseplate as- 
sembly 12. Lift frame 26 is spaced from and joined 

20 to baseplate assembly 12 by means of a plurality 
of shock absorbent members 30 to be described 
below in more detail. Upstanding sleeve guides 32 
extending adjacent and parallel to lift means 24 
provide lateral stability for apparatus 11. Each 

25 guide 32 consists of an outer sleeve 40 secured to 
chassis 16 and adapted to slideably receive therein 
a guide shaft 42, the lower ends of shafts 42 being 
suitably anchored to lift frame 26. In this way, 
guide shafts 42 are constrained to move up and 

30 down integrally with lift means 24 as baseplate 
assembly 12 is either deployed downwardly for a 
firing operation or retrieved for transport. 

With additional reference to Figures 3 and 4, 
baseplate assembly 12 is seen to comprise gen- 

35 ©rally a central target member 50 confined within a 
surrounding alignment frame 52 disposed in a 
plane transverse to the path of travel 53 of mass 
20. Frame 52 may conveniently be formed of a 
rectangular array of horizontal rails 54 from which 

40 diagonal supports 62 converge to a hollow, central, 
cylindrical hub 70 forming an aperture 72 adapted 
to slideably receive target member 50. Frame 52 is 
positioned so that target member 50 is correctly 
aligned with path of travel 53 and ia free to directly 

45 contact the earth surface 22. 

After baseplate assembly 12 is initially lowered 
to contact earth surface 22 by extension of lift 
means 24, further extension compresses shock ab- 
sorbent members 30 and brings the weight of the 

so transport vehicle 10, including apparatus 11, to 
bear, at least in part, on frame 52. In this way, lift 
means 24 function as jacks which either partially or 
entirely eliminate vehicle wheels 75 as load bearing 
members, local conditions determining the pre- 
ss ferred arrangement. As will become apparent, 
baseplate assembly 12 is so designed that target 
member 50 also makes direct contact with earth 
surface 22 but may experience little or no initial 
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static loading due to vehicle weight. Members 30, 
preferably capable of exhibiting three dimensional 
elasticity, are secured to the under surface of lift 
frame 26 at spaced intervals so as to transmit 
vertical force evenly to frame 52. They also resil- 
iency resist lateral misaligning movement of chas- 
sis 16 and apparatus 11 with respect to frame 52. 
Within the scope of this invention, it may be desir- 
able to make lift frame 26 separate from frame 52 
while remaining loosely coupled thereto. In that 
event, slidably interactive means may be provided 
for guiding members 30 to precise locations on the 
upper surface of frame 52 under load. For simplic- 
ity, such means are not shown or described herein 
because they are not essential to an understanding 
of this invention. They are described, however, in 
detail and claimed in copending, commonly as- 
signed U.S. Patent Application Serial No. 
06/846,393 entitled "Baseplate Locator for Seismic 
Source", referenced above in this description. 

Resilient pads 85, as for example, coiled 
springs or other similar elastic media, attached to 
the under surfaces of rails 54 such as at their 
comers are adapted to make contact with earth 
surface 22. In this way, frame 52 becomes a highly 
stable, self-adjusting support for positioning and 
guidance of target member 50 but does not inter- 
fere with its free movement. Further more, this 
construction permits a reduced cross-sectional area 
for target member 50 relative to that of frame 52, 
thus increasing the dynamic loading on target 
member 50 per unit area for an impact of any 
given magnitude. At the same time, target member 
50 may easily be made thicker for greater strength. 
It is also clear now that within the scope of this 
invention, frame 52 may be given a wide variety of 
different structural forms extending laterally be- 
tween peripheral pads 85 and the position of ap- 
erture 72, depending upon considerations such as 
space, weight, and vehicle under carriage con- 
formation. 

Owing to the presumed irregularity of a hard 
rock earth surface 22, it is desirable to permit 
target member 50 some degree of lateral and rota- 
tional freedom of movement. To this end, as shown 
in Figure 5, aperture 72 may be formed as an 
upwardly tapered cone shaped cavity and the ta- 
pered external surface 86 of target member 50 
may be given a corresponding shape. This enables 
target member 50 to shift position rotationally with- 
in aperture 72. Also, because of its cone shaped 
interface with hub 70, a downward shift of target 
member 50 relative to frame 52 permits it to as- 
sume a slight sidewise tilt. Both of these types of 
motion enable target member 50 to better follow 
and make firm contact with an irregular rocky sur- 
face 22. This in turn improves the efficiency of 
energy coupling and improves the band width of 



the resultant seismic wave. 

With further reference to Figure 5, target mem- 
ber 50 is also provided with means such as a 
plurality of radially extending arms 88 which lie 
5 above and are connected to hub 70 through elastic 
supports such as relatively low spring constant 
compression springs 90 extending parallel to path 
53. In this way, target member 50 is substantially 
free to move downwardly against the earth surface 

70 22 in operation but is firmly restored and seated 
against frame 52 with correct orientation after each 
shot. Spring supports 90 also serve as a conve- 
nient means for picking up baseplate 50 together 
with frame 52 when apparatus 11 is moved from 

rs one location to another. If the spring constant of 
springs 90 is made significantly lower than that of 
the earth itself at the point of contact, no appre- 
ciable energy will be transferred secondarily to the 
earth through frame 52 and pads 85 in the fre- 

20 quency range of interest so as to contaminate the 
primary seismic pulse. 

When frame 52 is statically loaded by vehicle 
10, target member should be arranged so that it 
projects at least to the bottom of aperture 72 and 

25 makes contact with earth surface 22. A portion of 
target member 50 preferably projects beneath the 
bottom of aperture 72 to a distance somewhat less 
in height than the unstressed height of pads 85. In 
this way, the weight of the vehicle may be substan- 

30 tially absorbed in pads 85 under load so that target 
member 50 sees a relatively small or no Initial 
static load. This in turn may facilitate the ability of 
target member 50 to make good contact with irreg- 
ular rock surfaces when impacted. 

35 In Figure 6, an alternate form of the invention 
illustrates detail of target member 100 having a 
right cylindrical profile working slideably within a 
correspondingly shaped aperture 102 centrally lo- 
cated with respect to an alignment frame 104. 

40 Target member 100 may be connected to frame 
104 through springs 106 extending downwardly to 
frame 102 from transverse radial projections 108. 
Target member 100 is to be impacted in a manner 
similar to that described for target member 50, the 

45 only difference being that the construction of target 
member 100 sacrifices some versatility of motion 
in return for lower construction costs. Target mem- 
ber 100 may be given a lower, enlarged diameter 
flange portion 110 which seats positively against 

so the under surface of guide frame 104 responsive to 
the restorative forces of springs 106. 

The drawings depict mass 20 as impacting 
target member 50 vertically so as to generate 
primarily compressional wave energy in the earth. 

55 It is entirely feasible, however, to impact target 
member 50 along a path inclined to the vertical in 
order to generate combined compressional and 
shear waves. The manner in which this may be 
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accomplished is described in detail in copending, 
commonly owned Patent Application Serial No. 
06/676,762 entitled "Mounting and Control Means 
For Full Waveform Seismic Source" filed Novem- 
ber 30, 1984 in the name of Tom P. Airhart. The 
contents of such application, on which the issue fee 
has been paid, is hereby incorporated by refer- 
ence. 

Within the scope of this invention, means other 
than aperture 72 may be devised by those skilled 
in this art in order to effect a. slidable relationship 
between components functionally analogous to tar- 
get member 50 and guide frame 52. The foregoing 
description should also make clear that, however 
configured, these two components should be rela- 
tively arranged so that each is adapted to make 
direct contact with the earth independent of the 
other responsive to sufficient extension of lift 
means 24. In this way, frame 52 additionally pro- 
vides stability and support for the entire apparatus 
without dictating the lateral extent or static load 
bearing requirements of the target member. Fur- 
thermore, it is also possible to eliminate altogether 
the resilient connection between target member 50 
and frame 52 as shown and described in Figures 3 
and 5 while leaving these two components slidabiy 
coupled. In that event, alternate means (not 
shown) may easily be devised by those skilled in 
this art for picking up target member 50 when 
transporting apparatus 11. 



Claims 

1 . In combination with a vehicle and an appara- 
tus transported thereon for generating a seismic 
wave in an earth medium which includes a mass 
which is propelled along a downward path between 
the vehicle and the earth medium, the improved 
energy-coupling means comprising in combination: 

(a) a target member posrtionable within said 
path for receiving an impact from said mass; 

(b) alignment means slidabiy interconnected 
with said target member so as to permit limited 
freedom of movement of said target member along 
said path against the earth responsive to said im- 
pact; and 

(c) extensible lift means secured between 
said alignment means and said vehicle for raising 
and lowering said alignment means, said alignment 
means and said target member being relatively 
arranged such that they are both adapted to con- 
tact the surface of said earth medium responsive to 
extension of said lift means. 



2. Apparatus as claimed in Claim 1 wherein; 
said lift means are adapted to transfer vehicle 

weight to said alignment means and said target 
member in proportion dependent upon said relative 
5 arrangement there between. 

3. Apparatus as claimed in Claim 2 wherein: 
substantially all of said transferred vehicle 

weight is supported by said alignment means. 

4. In combination with a vehicle and an appara- 
;o tus transported thereby for generating a seismic 

wave in an earth medium which includes a mass 
which is propelled along a downward path between 
the vehicle and the earth medium, the improved 
energy-coupling means comprising in combination: 
75 (a) a target member positionable within said 

path for receiving an impact from said mass; 

(b) a frame for aligning said target member 
extending beneath said vehicle in a plane per- 
pendicular to the path of said impact mass, said 

20 frame being provided with an aperture extending 
therethrough within said path; 

(c) means for resiliently supporting said tar- 
get member from said frame so that said target 
member is received slidabiy within said aperture; 

25 and 

(d) hydraulic lift means adjustably secured 
between said frame and said vehicle for deploying 
said frame and said target member in static load- 
bearing contact with said earth medium. 

30 5. The apparatus as claimed in Claim 4 
wherein: 

said frame is provided with resilient dependent 
bearing means through which it is adapted to con- 
tact said earth medium, the relative arrangement of 
35 said frame and said target member being such that 
said bearing means are adapted to absorb substan- 
tially all of the weight of said vehicle transmitted 
through said lift means Independent of said target 
member. 

40 6. The apparatus as claimed in Claim 4 
wherein: 

said aperture has an upwardly tapered cone 
shape and said target member has a correspond- 
ingly configured peripheral portion adapted to seat 
45 upwardly in said aperture responsive to a restoring 
force exerted by said resilient support means. 

7. The apparatus as claimed in Claim 4 further 
comprising: 

means integral with said target member 
so spaced above said frame to which one end of said 
resilient target member support means is secured, 
the other end thereof being secured to the upper 
surface of said frame. 

8. The apparatus as claimed in Claim 7 
55 wherein: 

said resilient target member support means is 
a plurality of separate compression springs extend- 
ing parallel to said path. 
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9. The apparatus as claimed in Claim 4 
wherein: 

said aperture has a right cylindrical shape and 
said target member has a correspondingly shaped 
surface in slidable contact therewith. s 
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FIG. 2 




